Abstract. Tidal current power (TCP) is one of the veritable renewable energy that has a good application prospect [1] . Horizontal axis tidal current power turbine is the main device for the development and utilization of TCP. In this paper, therefore, we seek to analyze the hydrodynamic performance of the tidal current power turbine using a commercial CFD software package ANSYS CFX. Analysis has clearly shown that hydrodynamic performance is a major factor for effective operation of a TCP turbine. The power coefficient, the ambient pressure on the airfoil and the turbulence are considered for the analysis. Results reveal a relationship between power coefficient with the pressure around the airfoil, the turbulence and the resistance at airfoil leading edge.
Introduction
The hydrodynamic performance of the TCP turbine is directly related to the power coefficient and hence is significant to tidal current turbine performance. Since the development of the TCP turbine, the research on the hydrodynamic performance of the turbine has been carried in [2] . The research on the hydrodynamic performance can be based on the wind turbine and combined with the analysis of the hydrodynamic performance of the underwater propeller. Researches on TCP turbines can be mainly categorized into numerical and experimental methods. The numerical analysis can further be classified into Computational Fluid Dynamic (CFD) that analyze directly the flow around the blade of a turbine; and computational aerodynamics theories that adopts the lift and drag coefficient of two-dimensional airfoils [3] . In this paper, a CFD code is used to analyze the hydrodynamic performance of the turbine, and the study findings discussed in detail.
Methodology
The main characteristic parameters of the turbine considered in this paper are shown in Table 1 , and the airfoil characteristic parameters are shown in Table 2 . ANSYS ICEM CFD software is used to mesh the model of the hydraulic turbine and the computational domain of flow field. The CFD computational domain consists of two mesh zones namely the inner rotating domain and the outer stationary domain. The type of mesh is Tri .The inner rotating domain is unstructured mesh consisting of 815205 elements and the outer stationary domain is structured mesh consisting of 462323 elements. The rotating domain and the stationary domain can communicate through the interface. The SST model is chosen to analyze the turbulence. In order to meet the actual operating conditions of the turbine, the diameter of the flow field is 5 times the diameter of the turbine and the length of the flow field is 10 times the diameter of the turbine [4] . The computational domain is illustrated as shown in Figure 1 
Results and Discussion
The relationship between the power coefficient and the tip speed ratio from CFD is depicted in Figure 5 . It can be seen from Figure 5 , when the tip speed ratio is lower than 7, the power coefficient increases with the increase of tip speed ratio, at the tip speed ratio 7, the output coefficient reaches the maximum value 38%. As the tip speed ratio continues to increase, the energy conversion efficiency of the turbine is reduced and tends to 0 eventually. The relationship between the torque and the tip speed ratio from CFD is depicted in Figure  6 . It can be seen from Figure 6 , when the tip speed ratio is lower than 5, the torque increases with the increase of tip speed ratio, at the tip speed ratio 5, the torque reaches the maximum value, the maximum value is 0.65 N m. As the tip speed ratio continues to increase, the torque of the turbine is reduced and tends to 0 eventually. Table 3 . Airfoil Pressure.
The relationship between the airfoil pressure and the tip speed ratio from CFD is depicted in Table 3 . It can be seen from Table 3 that negative pressure zone exits around airfoil leading edge on the suction side, a positive pressure area exit around the pressure side. With the increase of tip speed ratio, the negative pressure zone becomes large. The positive pressure zone become smaller and moves to the leading edge gradually. When the tip speed ratio is greater than 4, the area of negative pressure zone gradually increases, while the area of the positive pressure area continues to decrease. Eventually, the positive pressure region disappears and the negative zone appears. According to the knowledge of the blade basic theory, when the tip speed ratio is lower than 4, the negative pressure zone and the positive The tip speed ratio pressure zone changes simultaneously, thus, the torque on the turbine is kept constant. Therefore the power coefficient increases with the increase in the rotational speed. When the tip speed ratio is getting large to a certain value, the power coefficient is decreased as can be seen in Figure 5 . This is attributable to the positive pressure around airfoils that moved to the leading edge as shown in Table 3 .
The resistance of the leading edge at different span for different operating conditions is obtained from CFD and the relationship between resistance and tip speed ratio is shown in Figure7. 
It can be seen from the Figure 7 that the resistance of the leading edge nearing the tip is large while the resistance of the leading edge nearing the root is small. The resistance of the leading edge is increasing from 0.2R to 0.9R. The resistance is mainly concentrated in the position far from the root. The resistance of leading edge increases with the increase of the tip speed ratio. When the tip speed ratio is less than 6, the increment of resistance is small while the resistance of leading edge is significantly increasing (especially, in the concentration interval 0.5R-0.9R) if the tip speed ratio is greater than 6. The phenomenon above can be used to explain the reduction of torque when the tip speed ratio is greater than 5 and a negative relationship between resistance and power coefficient can be forecast. The relationship between the turbulence and the tip speed ratio from CFD is depicted in Table 4 . It can be seen from Table 4 , the area of turbulence around the airfoil is small when the tip speed ratio is 7, and the degree of turbulence is low. In this case, the energy dissipation of water flow is small; the output coefficient of turbine is the highest.
Conclusions
In this paper, the hydrodynamic performance of a horizontal axis TCP turbine is analyzed. We find that the change of the pressure difference and turbulence intensity match the change of the output coefficient. The numerical results are used to forecast that the resistance at the leading edge of the airfoil prevents the increase of the turbine's power coefficient with the increase of the tip speed ratio. Thus, in order to enhance the turbine's power coefficient, to reduce the resistance at the leading edge is desired.
